The cell-surface glycochains of polyploid Meth-A cells were examined by flow cytometry (FCM). To examine possible changes in the expression of cell-surface oligosaccharides in polyploid cells, the lectin binding of diploid, tetraploid and octaploid Meth-A cells was compared. The tetraploid and octaploid Meth-A cells were established from highly polyploidized diploid and tetraploid cells, respectively. These cells were stained with the following FITC-labeled lectins: wheat germ agglutinin (WGA), concanavalin A (Con A), ricinus communis agglutinin I (RCA 120 ), ulex europeaus agglutinin I (UEA-I), peanut agglutinin (PNA), soybean agglutinin (SBA) and dolichos bifluorous agglutinin (DBA), and the fluorescence of the cells was measured by FCM. The lectin binding of tetraploid Meth-A cells was almost the same with that of diploid cells, while the binding of octaploid Meth-A cells was proportional to the deductive area of the cell surface, except in the cases of RCA 120 and SBA. It was concluded that the content of cell-surface hydrocarbon chains was maintained during the diploid-tetraploid transition, while it increased in proportional to the cell surface area during the tetraploid-octaploid transition.
Various oligosaccharide residues linked to membrane proteins and lipids influence the chemical and physical properties of the cell membrane and can modulate membrane transport, cell metabolism, growth and other functional activities of the cell (Nicolson 1976) . The type and orientation of these sugar residues are quite variable, resulting in the formation of various branched chains extending outwardly from the lipid bilayer of the plasma membrane. The glycochains intertwine with those of adjacent membrane glycoproteins and glycolipids to form a complex carbohydrate network on the cell surface. Though the cell-surface oligosaccharides have an important role in determining the cell character, the changes of their expression have not been characterized fully, particularly in polyploid mammalian cells (Hatchoh et al. 1992 , Fujikawa-Yamamoto et al. 2000 .
Meth-A cells, a methylcholanthrene-induced mouse abdominal dropsy sarcoma cell line, always contain a small population of large cells that are produced from diploid cells by spontaneous polyploidization and removed eventually by apoptosis (Fujikawa-Yamamoto et al. 1997) . Meth-A cells may be particularly susceptible to polyploid transformation. A tetraploid Meth-A cell line could be reproducibly established from diploid Meth-A cells (Fujikawa-Yamamoto et al. 2001a) , and an octaploid Meth-A cell line was established from the tetraploid cell line by a similar method (Fujikawa-Yamamoto et al. 2003) . The diploid, tetraploid and octaploid Meth-A cell lines may provide a cell system for investigating cellular alterations associated with changes of ploidy.
The tetraploid Meth-A cells showed marked suppression of growth at low temperature (Fujikawa-Yamamoto et al. 2001b ) and high tolerance to severe deprivation of nutriments (Fujikawa-Yamamoto et al. 2002) , suggesting that the diploid-tetraploid transformation is accompanied by functional alterations. In order to ascertain whether or not the functional alterations that accompany the increase of ploidy follow any rules or have any defined direction, we examined the expression of cell surface hydrocarbon chains, which may serve important roles in determining cell characteristics such as cell-cell adherency. Various plant lectins bind to specific oligosaccharides and have been employed as useful indicators for studying cell-surface modulation. In the present study, the lectin-binding properties of diploid, tetraploid and octaploid Meth-A cells were examined by flowcytometry (FCM).
Materials and methods

Cells
Meth-A cells (a methylcholanthrene-induced mouse abdominal dropsy sarcoma cell line) were maintained in a humidified atmosphere of 5% CO 2 at 37°C as a suspension culture in a Leibovitz's L15 : Ham's F10 mixture (7 : 3) supplemented with 10% fetal bovine serum (CELLect GOLD, ICN Biomedicals, Aurora, OH, U.S.A.), streptomycin (100 µg/ml) and penicillin (50 units/ml). The tetraploid and octaploid Meth-A cells were cultured under the same conditions described above.
Lectins
The lectins wheat germ agglutinin (WGA), concanavalin A (Con A), ricinus communis agglutinin I (RCA 120 ), ulex europeaus agglutinin I (UEA-I), peanut agglutinin (PNA), soybean agglutinin (SBA) and dolichos biflorus agglutinin (DBA) were purchased as a kit (Fluorescein Lectin Kit 1, Vector Laboratories Inc., Burlingame, CA, U.S.A.). These lectins had been labeled with FITC with F/P ratios (moles of fluorescein/mole lectin) of 2.5, 8.5, 7.0, 4.0, 6.8, 4.1 and 5.7 for WGA, Con A, RCA 120 , UEA-I, PNA, SBA and DBA, respectively.
Double staining of oligosaccharide and DNA
Exponentially growing Meth-A cells were harvested, fixed with 20% ethanol at 4°C for 30 min and processed for FCM measurements. Aliquots of Meth-A cells (2ϫ10 5 cells) were washed 3 times with PBS (Ϫ) (divalent-cation free-phosphate buffered saline) containing 0.1% bovine serum albumin (BSAPBS) and resuspended in 0.1 ml of this solution. The cells were incubated with FITC-labeled lectin by adding 0.1 ml of the lectin solution (2 µg lectin/0.1 ml BSAPBS) to 0.1 ml of cell suspension for 30 min at room temperature (RT). Then the cells were incubated with 0.3 ml of PBS (Ϫ) containing 0.25% RNase (Type II-A, Sigma) for 10 min at RT. Immediately before the measurements, the cells were stained with 0.5 ml of PI (propidium iodide, 7.5ϫ10 Ϫ5 M) solution, and green and red fluorescence was examined by means of FCM. Under these staining conditions, the signal due to residual double stranded RNA is negligible and the relative intensity of the red fluorescence corresponds to the DNA content (Krishan 1975) .
Flow cytometry
The fluorescence of individual cells was measured using a FACSORT (Becton Dickinson Immunocytometry Systems, U.S.A.). The green and red fluorescence of individual cells irradiated with a focused laser light at a wavelength of 488 nm was detected using photomultiplier tubes. The relative intensities of green fluorescence (FL1H) and red fluorescence (FL2H, FL2A) were measured simultaneously.
Cell volume distribution
Exponentially growing diploid, tetraploid and octaploid Meth-A cells were fixed with 20% ethanol and resuspended in PBS (Ϫ) . The distribution of cell volume (Coulter volume) was measured using a Coulter Counter (ZM/256, Coulter Electronics, Fullerton, CA, U.S.A.). Note that the Coulter volume depends on the material being tested, because it is calculated based on the resistance of particles.
Observation of cell morphology
The morphology of exponentially growing diploid, tetraploid and octaploid Meth-A cells in culture flasks was photographed under a low-phase contrast microscope (CK2, Olympus, Tokyo, Japan) equipped with a digital camera system (DS4040, Olympus). Then the cells were washed once with PBS (Ϫ) , fixed with methanol, and stained with hematoxylin/eosin using standard methods. Photographs were then taken under a microscope (BX 50, Olympus) equipped with a digital camera system (DS4040, Olympus). The images were entered into a personal computer and printed out at the magnification stated in the text.
Results
To examine the lectin binding of polyploid Meth-A cells, exponentially growing diploid, tetraploid and octaploid Meth-A cells were double-stained with FITC-labeled lectins and PI, and then the green and red fluorescence was simultaneously measured by FCM. To obtain reliable results, the respective cultures of diploid, tetraploid or octaploid Meth-A cells from several flasks were combined and each of the 3 cell populations was used in the following lectin-binding experiments. Fig. 1 (left panel) shows the DNA histograms of the diploid (D), tetraploid (T) and octaploid (O) Meth-A cell populations used. The histogram patterns appeared to be normal, and suggested that the cells were in the exponentially growing state. Fig. 1 also shows the relative green fluores- These fluorescence data were subjected to gate analysis as follows.
A representative example of the FCM measurements is shown in Fig. 2 . In the green/red fluorescence cytogram (A) of Fig. 2 , the gate-regions of G1, S and G2M were set as the regions into which the G 1 , S and G 2 /M phase cells fell, respectively. Green fluorescence histograms of the region were electronically reconstructed from the whole histograms. These gates were set for diploid, tetraploid and octaploid Meth-A cells. The mode intensity of green fluorescence was used to assess the lectin binding, because the fluorescent cells were distributed almost symmetrically on a logarithmic scale. The quantity of bound lectin was estimated based on the F/P ratio and the value of the negative control (Table 1) . In Table 1 , the value for DBA-binding in the G 1 phase of diploid Meth-A cells was taken as 1.0 in order to facilitate understanding. The relative values were used to following normalization process.
The numbers in parenthesis in Table 1 represent the lectin binding relative to that in G 1 phase. The values in G 2 /M phase ranged from 1.5 (UEA-I in octaploid cells) to 2.3 (WGA in tetraploid cells). Because the expected ratio of binding in M phase/G 1 phase is 2.0 just before/after cell division, not taking into account the 2-fold difference in cell volume, the values of G 2 /M phase tended to fluctuate, like those of G 1 phase. Hereafter, only the lectin binding of S phase cells will be discussed for assessing the alterations of oligosaccharides in the diploid-tetraploid-octaploid transitions, because S phase cells can be characterized with respect to their DNA content.
To examine whether the expression of membrane oligosaccharides was increased as ploidy increased or was instead maintained at a constant level in polyploid Meth-A cells, the lectin binding of diploid cells was taken as 1.0 for comparison with the levels in tetraploid and octaploid cells ( Table 2) . The lectin binding, except for the binding of WGA and PNA, of tetraploid Meth-A cells was almost the same as that of diploid cells, suggesting that the total content of surface oligosac- The values were corrected for the F/P ratio and negative control value. The value for DBA-binding in the G 1 phase of diploid Meth-A cells was taken as 1.0. Numerals in parentheses represent relative lectin binding compared to that in the G 1 phase. charides was maintained during the diploid-tetraploid transition. In contrast, octaploid Meth-A cells showed increased binding of all lectins, suggesting that the amount of oligosaccharide on the membrane was increased during the tetraploid-octaploid transition.
To estimate the cell-surface area of diploid, tetraploid and octaploid Meth-A cells, the light micrographs and volume distributions of the diploid, tetraploid and octaploid cells were measured (Fig. 3) . Most diploid, tetraploid and octaploid Meth-A cells were round, and their volume ratios (Coulter volume) were about 1 : 2 : 4ϭdiploid : tetraploid : octaploid. The relative cell surface-area are thought to be 1 2/3 : 2 2/3 : 4 2/3 ϭ1 : 1.59 : 2.52 in mid S phase.
To examine the morphology of diploid, tetraploid and octaploid Meth-A cells during the growth phase, phase-contrast micrographs of the cells were taken (Fig. 4) . The tetraploid Meth-A cells aggregated with each other, while diploid and octaploid cells did not, suggesting that the cellcell adherency of tetraploid Meth-A cells was greater than that of diploid and octaploid cells. 
Discussion
Various lectins bind specifically to certain sugar residues or chains. WGA binding has been attributed primarily to N-acetyl D-glucosamine (β-GlcNAc) and sialic acid residues. Con A, RCA 120 and UEA-I mainly recognize mono-sugar residues, α-D-mannose (α-Man)/α-D-glucose (α-Glc), Dgalactose (β-Gal)/N-acetyl D-galactosamine (β-GalNAc) and L-fucose (α-Fuc), respectively. PNA binds to the 2-sugar structure of Galβ1-3GalNAc. SBA and DBA bind to D-GalNAc and α-D-GalNAc, respectively.
The lectin binding to oligosaccharides, however, is not completely specific, and such binding occurs even intracellularly, particularly in fixed, permeabilized cells. Furthermore, the amount of lectin binding tends to be strongly affected by extracellular factors, such as factors catalyzing the release of N-acetyl neuraminic acid from the end of the oligosaccharide chain. In this study, we addressed only the lectin binding to polyploid cells, and therefore cannot draw any conclusions about the expression of cell-surface oligosaccharides.
It is interesting that the level of lectin binding to tetraploid Meth-A cells was almost the same as that to diploid cells, except for WGA and PNA binding, which were relatively higher (1.3) and lower (0.7), respectively. The density of oligosaccharides on the surface of tetraploid cells may be decreased compared to that of diploid cells, since the cell surface area of tetraploid cells is about 1.6 times that of diploid cells. PNA, which binds to a 2-sugar conformation may exhibit lower binding due to increased distance between Gal and GalNAc residues. The relatively high binding of WGA might have been related to the level of sialic acid in tetraploid cells. We have reported the levels of WGA, RCA 120 , PNA and UEA-I binding of transiently obtained tetraploid, octaploid and hexadecaploid Meth-A cells continuously polyploidized by demecolcine or K-252a (Fujikawa-Yamamoto et al. 2000) . The binding of WGA increased in proportional to the inferred cell-surface area of transient tetraploid, octaploid and hexadecaploid Meth-A cells. It is probable that the expression of oligosaccharides in Meth-A cells is different between artificially polyploidized and stable lines of cells.
The lectin binding of octaploid Meth-A cells, however, was more than twice that of diploid cells, except for the binding of RCA 120 and SBA. Because the putative area of the cell surface of octaploid cells is about 2.52 (ϭ4 2/3 ) times that of diploid cells, it seems that the density of oligosaccharide chains on octaploid cells was equivalent to that on diploid cells, except for in the cases of β-Gal, β-GalNAc and Gal. Binding of WGA, PNA and UEA-I in proportion to the deductive area of the cell surface has been observed in artificially polyploidized Meth-A cells (Fujikawa-Yamamoto et al. 2000) .
Presently we have no experimental evidence to explain the phenomena observed here; however, the fact that tetraploid Meth-A cells aggregated with each other while diploid and octaploid cells did not may be related to the results showing differences of lectin binding between tetraploid and diploid/octaploid Meth-A cell lines. The mechanism of ploidy-dependent regulation of oligosaccharide expression in polyploid cells remains unknown, probably because it has not been necessary to consider within diploid cells. It is clear that the character of the cell surface changes as the ploidy changes. It seems that these changes of cell-surface oligosaccharides depend on the intracellular regulatory balance of gene expressions.
